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Penaeid shrimps are mainly distributed in shallow and inshore tropical and 
subtropical waters. Worldwide, they support fisheries of significant importance and are 
important for the small-scale trawl fishery of southwestern Japan. The annual catch of 
penaeid shrimps in Japanese waters has decreased with the decrease in the nunrber of small-
scale trawlers in recent years. The decline in coastal fisheries such as the small-scale trawler 
is not desirable for the maintenance of regional industries and the diversity of food for the 
nation. For the sustainable running of~ small-scale trawlers, management of resources of 
penaeid shrimps is important, although there have been few studies on the life history of 
penaeid shrimps in the Japanese waters especially on small-sized species. In this study, the 
penaeid fauna, the vertical distribution of the penaeid shrimp assemblage on the continental 
shelf and the life histories of the major four species on the continental shelf are described and 
discussed for the sea areas around Tosa Bay (33'N, 133'E). Pacific coast of Japan, an area 
influenced by the warm Kuroshio stream. Further, the management of penaeid shrimp 
resources for the small-scale trawler in Tosa Bay is discussed. 
Many specunens were collected from 1994 to 1999 using bottom trawls of small-
scale trawlers (< 5 GT) from the 0-80 m in depth in nighttime operations and of the R/V 
Kotaka-maru 111 (49 GT) and IV (59 GT) from the 50 to I ,OOO m in depths in daytime 
operations in Tosa Bay, or using a push net from a small boat with an outboard motor in the 
river-mouth estuary area in Urado Bay, which is semi-enclosed and connected to Tosa Bay. 
A total of 35 species of penaeid shrimps were collected from Urado Bay and from O -
400 m in depth in Tosa Bay. No penaeid shrimps were collected from the waters deeper than 
400 m in depth. The distribution patterns after settlement of the penaeid shrimps around Tosa 
Bay were classified into the following fivetypes. (1) Estuary type (one species); juveniles and 
adults are distributed only in Urado Bay; Metapenaeus moyebi. (2) Estuary - upper 
continental shelf type (six species); juveniles are distributed in estuaries and semi-enclosed 
areas and migrate to the upper continental shelf (< 80 m depth) of Tosa Bay with growth; 
Marsupenaeus japonicus, Melibertus latisulcatus, Metapenaeus ensis. Penaeus ,nonodon, P. 
se,nisulcatus, and maybe Metapenaeus intermedius. (3) Continental shelf type (twenty-three 
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species); juveniles and adults are distributed on the continental shelf (< 140 m depth) of Tosa 
Bay; Atypopenaeus stenodactylus, Melicertus marginatus, Metapenaeopsis acclivis, M. 
barbata, M, aegyptia, M, dalei, M, dura, M, gallensis, M. Iamellata, M, mogiensis mogiensis, 
M, palmensis, M. sinica, M. toloensis, Parapenaeopsis cornuta, P. tenella, Parapenaeus 
fissuroides, P. Ianceolatus, P, Iongipes, Trachypenaeopsis richtersii, Trachysalambria 
albicoma, T, curvirostris, T. Iongipes, T. sp. (4) Continental shelf - continental slope type 
(three species); juveniles and adults are distributed on the continental shelf and the 
continental slope (;~ 140 m depth and ~ 400 m depth) of Tosa Bay, mainly on the continental 
slope; Metapenaeopsis lata, M. provocatria owstoni and Parapenaeus sextuberculatus. (5) 
Continental slope type (two species); juveniles and adults are distributed on the continental 
slope of Tosa Bay; Parapenaeus fissurus and Penaeopsis eduardoi. The penaeid fauna in Tosa 
Bay is the richest compared to other reported Japanese waters. The warm environment in 
winter (> 15'C) due to the effects of the Kuroshio are important for the rich penaeid fauna in 
Tosa Bay in addition to the varied habitats from estuary to continental slope in this area. 
The density of all penaeid shrimps in each depth class on the upper continental shelf was 
largest in 45 m in depth and smallest in 5 m and 75 m in depths, the distribution pattern 
100ked like a normal or binomial distribution. The species composition of penaeid shrimps 
changed successively in relation to depth. Each distribution pattern of th.e main nine species 
also looked like a normal or binomial distribution each with a different mode and range, 
although some of the distributions partially overlapped one another. The depth range of the 
distribution of each species had seasonal stability, although the density of each species 
changed seasonally. On the other hand, on the grain size composition of the bottom, fine 
classes dominated in the deeper area and the change of the penaeid species composition by 
depth corresponded to the change of the grain size composition of the bottom by depth. 
Successive changes of the species composition is important for the richness of the number of 
penaeid species on the upper continental shelf of Tosa Bay. 
Ovaries were observed histologically to make clear the maturing processes and the 
spawning seasons of the main four species on the upper continental shelf of Tosa Bay; namely 
Metapenaeopsis aeg)'ptia, M, barbata, M, dalei and M, sinica. Seven stages were 
distinguished in the oocyte development. The cortical cr)'pts, which have been generally 
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reported to occur in the pre-maturation stage of oocytes in penaeid shrimps, did not occur 
even in the ovulated oocytes. Since ovulated or the late phase of the pre-maturation stage 
oocytes co-occurred with earlier stage oocytes in the same section of the ovary, each species 
was concluded to be a multiple spawner which have short spawning intervals. Monthly 
changes of the occurrence of each developmental stage indicated that the spawning season 
was throughout the year in M. dalei and in early summer to autumn in the other three species. 
Such a long spawning season confirmed in M. dalei has not been recorded in other penaeid 
shrimps in temperate waters including Japanese waters. 
Seasonal changes in the carapace length (CL) composition and gonad somatic index 
(GSI) were observed to clarify the structure of the populations of the above four 
Metapenaeopsis species. 
In M. dalei, there were several generations a year, a large body (maximum size CL 
17 mm) and long life (about six month) generation from winter to spring and a small body 
(maximum size CL 14 mm) and short life generations (of several months) from summer to 
autumn. Links of the spawning season of each generation made the spawning season of the 
population long. One generation a year with a short spawning season in summer in M. dalei is 
reported from other waters colder than Tosa Bay in winter and spring. It seems that the 
smaller maturation size and prolonged spawning season in the warm environment leads to 
shortened generation periods and an increase in the number of generations a year in M, dalei. 
In the other three species, there was one generation a year, a generation spawned in 
the current year appeared in autumn, grew even in winter and lived to the preceding autumn, 
On the other hand, their body sizes were different from each other, M. barbta is the largest 
(maximum size CL 26 mm), M, sinica is next in size (maximum size CL 22 mm) and M. 
aegyptia is the smallest (maximum size CL 18 mm). Spawning was made mainly by the 
generation spawned in the preceding year, but it was confirmed histologically that some part 
of the generation spawned in the current year matured at a small size and spawned in autumn 
after they had just recruited. In M, barbata, it is reported that the generation period is two 
years with a stagnation of growth in winter and spring, when the water temperature falls lower 
than 15'C in the inshore waters in Japan such as in the Inland Sea. It seems that the 
generation period is shortened by the rapid attainment to the maximum body size by the 
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continuous growth throughout the year in warm w'aters such as in Tosa Bay. Based on this, the 
generation period of the Metapenaeopsis species is concluded to be changeable with the 
effects of the ambient water temperature. 
Two patterns of the life history of Metapenaeopsis were observed, one was observed 
in M. dalei and the other was observed in the other three species. In tropical waters these two 
life history patterns are potentially interchangeable, if almost all the individuals spawn within 
the first year and the generation period is shortened. On the other hand, such 
interchangeablity of the two life history patterns may not occur, if each life history pattern is 
specific to each species group, which is classified by the presence or absence of the 
stridulating organ on the carapace. The stridulating organ is absent in M. dalei but present in 
the other three species suggesting that the life history pattern may be inheritably different. In 
order to clarify the life history patterns of Metapenaeopsis, more species in different 
environmental conditions require examination. 
For the diagnosis of the stock of penaeid shrimps on the upper continental shelf of Tosa 
Bay, data of catch of shrimps and fishing effort (number of boat day) of the beam trawlers in 
Mimase Fisheries Cooperative Association from 1970 to 2000 were analyzed. 
Fishing period was from April to December. Monthly CPUE (catch nuniber per unit effort) 
increased from April to May and decreased from May to September in most of the years. 
Monthly Z (total mortality coefficient) and qNO in each year were estimated by the regression 
analysis to the following formula; In (CPUE) = In (qNo) ~ Z(i+1/2); then, q is a catchability 
coefficient, No is an initial stock number in May and i is a whole number which increases 
monthly from May to September. M (natural mortality coefficient) was estimated to be O.208 
by Tanaka's low ('_.5 / Iife span, (which was twelve months in the shrimps) and O.270, which 
was the same value of the smallest Z estimated above and was a too large estimation, was also 
used. Z was estimated to be between O.270 and 0.749. No after 1980 v~'ere smaller than those of 
the 1970's. The rate of exploitation from May to September was gradually increasing from 
1970's, each value in 1998 and 1999 showed almost 0.7 - 0.8. The present stock level of 
penseid shrimps in Tosa Bay is estimated to be low comparing the past thirty years. 
The relationships of biomass of parent and abundance of progen)' tended to go near the 
origin with the passage of time, although those after 1974, ~~'hen the biomass of parent were 
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less than 400 ton, were not significant. Judging from such relationships after 1974, it is not 
expected that the biomass of parent make sure the abundance of progeny in penaeid shrimps 
of Tosa Bay. Then, it is important to make YPR (yield per recruitment) Iargest, together with 
maintaining the biomass of parent. 
Here, delay of the starting of the fishing period was discussed, because the shrimps grew 
up until autumn. For Z in April, O.1, O, -0.2, -0.4 and -1.0, which were included in the range 
observed from 1970 to 2000, and for Z from May to September. O.725, O.575 and O.412, which 
were the largest, the average and the smallest values in the 1990's, were used. For M, 0.208 
and O.270 were used as described above. In the result, it was expected that closing the fishing 
period in April made the total catch weight in the fishing period to increase, maximum I . 1 
times larger. Biomass of the parent was estinrated to be 1.07 - 1.47 times larger. It was 
estimated that closing the fishing period in April and May did not necessarily made the total 
catch weight to increase. In conclusion, it is necessary to close the fishing period of small 
beam trawlers in April for increasing total catch weight and maintaining parent biomass of 
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Fig. 1-1. Annual catches (ton) of Kuruma pra~~'n. Spiny lobster and Other natantia around the Japanese waters 
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Fig. 1-2. Annual catches of "other natantia" , which denote all natantia except Kuruma prawn and Spiny lobster, in each 
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KOChl e l( 
Uranouchi Bay-'!~ 
Tosa Bay 
200 m depth line 
Urado Bay 
1 ,OOO m depth line 





5 0 0 0 1 1 1 1 1 1 1 1 1 9
15 0 1 3 2 2 2 2 4 4 2 2 2 26
25 0 1 3 2 2 2 2 4 4 2 2 2 26
35 1 2 3 3 3 3 3 5 5 3 3 3 37
45 1 2 4 3 3 3 3 5 5 3 3 3 38
55 1 2 4 3 3 3 3 5 5 3 3 3 38
65 1 2 4 2 2 2 2 4 4 2 2 2 29
75 1 1 1 1 1 1 1 1 1 1 1 1 12





1 . 7m 
18.0 mm 
16.3 mm 




10.3 mm 10.3 m 10.3 mm 10.3 m 
1.3 or 5.0 mm 
mesh bar 
Fig. 2-2. Trawl net used for the shrimp sampling. 
measured. 







Kochi O / 
Tosa Bay 
200 m depth line 
Urado Bay 
1 ,OOO m depth line 
Fig. 2-3. Research area of the otter-trawl sampling conducted by the R/V Kotaka-maru 111 and IV from April 





55 1 0 O 1 1 1　　1 1 1 1 0 1 9
65 2 1 O 1 1 1　　2 2　　　2　　2 2 2 18
75 2 1 0 1 1　　2　　2 2　　　2　　2 2 2 19
85 3 1 1 2　　2　　3　　3 3　　　3　　　3 3 3 30
95 3 1 1 2　　2　　3　　3 3 3　　3 3 3 30
105 3 1 2　　　2　　2　　3　　3 2　　　3　　3 3 3 30
115 3 1 1 2　　2　　3　　3 3 3　　3 3 3 30
125 3 1 2 2　　2　　3　　3 3 2　　3 3 3 30
135 3 2 2　　　2　　2　　3　　3 3 3　　　3 3 3 32
145 3 2 2　　　2　　2　　3　　3 3 3　　3 3 3 32
165 3 2 2　　　2　　2　　2　　3 3　　　3　　　3 3 3 31
185 2 2 2　　　2　　2　　2　　3 3 2　　3 3 3 29
200 1 1 1 1 1 1　　2 2　　　2　　　2 2 2 18






100 2　　　2 2　　　2　　2　　3　　2 1　　3　　2 2 3 26
125 2 2 2　　　2　　2　　3　　2 2　　　3　　　2 2 3 27
150 2　　2 2　　　2　　　2　　3　　22　　　3　　　2 2 3 27
175 2 2 2　　　2　　2　　3　　1 2　　3　　2 2 3 26
200 2　　　2 2　　2　　　2　　3　　2 2　　　3　　　2 2 3 27
250 2　　　2 3 2　　2　　3　　2 2　　　3　　　2 2 3 28
300 2　　2 2　　　2　　　2　　3　　11　　3　　　2 2 3 25
350 1 1 1 1 1　　1　　1 1 1 1 1 1 12
400 1 0 0 1 1　　2　　1 1 2　　　1 0 1 11
500 O　　　O 1 1 0　　0　　0 0　　0　　0 0 1 3
600 0 0 1 0　　　0　　1　　0 0 1　　0 O 1 4
800 O　　　O 1 1 0　　2　　0 0 1 1 0 2 8
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Table 2-4. Total number and weight of penaeid shrimps used in this study from Tosa Bay and Urado Bay, with depth range of the distribution and 




bcam tralvlers R!Y Kotaka-maru 111, IV UFado Bay Total 
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Table 2-5. Number per hawl of the species which were caught by the shrimp beam-trawl 
research and the R/V Koraka=maru research from the depth range of 50-80 m 







M, Iata and M, provocatria owstoni 
M, sinica 















































EI nKi-ebi If 
l liKo-ebi il 
[] others 
Wei ght Money 
Fig. 2-6. Portions of penaeid shrimps in catch weight and money in 2000 in beam trawlers (Mimase Fisheries Cooprative Association) 
operating at Tosa Bay. "Kuruma-ebi" includes Marsupenaeus japonicus and Penaeus semisulcatus ; 1~Ki-ebi" includes mainly 
Metapenaeus ensis ; "Ko-ebi" mcludes Metapenaeopszs and Trachysalambrra specles and fishes are mcluded m others 
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I M, barbata 
::M, dura 
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Table 2-6. Distribution type of penaeid shrinrps in Tosa Bay 






































Estuary - Upper continental shelf 
Continental shelf 
Continetal shelf - Contin ntal slope 
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Table 2-7. The local faunas of penaeid shrimps in Japanese waters 
Species distributed in Japan 
~{ 
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* Alphabetic characters in '~0thers" of 'Localities (Reference)" denote as follows; a. Suo-nada (Hara, et al., 1969); b, Ariake 
Sea (Nakajima, 1987); c, Hyuga-nada and Lake Hamana (1~:_ayashi et al., 199'_); d, Okinawa (Kamezald, et al., 1988); e. 
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I P. cornuta 
l T. curvirostris 
R T. albicoma 
EM. dalei 
~~M. dura 
E] M. barbata 
~3 M. aegyptia 
CIT. sp. 
CE M. sinica 
D others 
Frequency (%) 
Fig. 3-2. Species compositions of penaeid shrimps in each depth in Tosa Bay from April 1994 to March 1997. 
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Fig. 3-13. Seasonal change of distributional overlap indexes (Morishita's C" * ) of penaeid shrlmps on the 
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Fig. 3-15. Dendrograms of similarity indexes of species composition (Morishita's C~ in each depth of Tosa 
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Figs. 4-1. Oocyte development of Metapenaeopsis dalei; A, Stage I; B, Stage II; C. Stage 111; D. Stage 
rv; E, Stage V; F, Stage VI; G, Stage VII. Bars represent 50 pm and abbrevlations denote as follows; gv, 
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Fig. 4-3. Sections of the ovary of the Metapenaeopsis shrimps including Stage VII (maturation stage) or 
VI (1ate phase of the pre-maturation stage) oocytes: A, Metapenaeopsis dalei (CL 14.8 mm. GSI 7.42), bar 
200 ,Im; B, M. aegyptia (CL 14.6 mm, GSI 5.93), bar 100um; C, M. barbata (CL 15.6 mm, GSI 6.9), bar 
100um; D. M. sinica (CL 18.3 mm, GSI 8.25), bar 100um. Roman numerals denote the developmental 
stages respectively. 
70 
Table 4-1. Oocyte developmental stages occurred in the ovary of Metapenaeopsis dalei collected in Tosa 
Bay frOm April 1995 to March 1996 
Stage 
1 995 




































































Table 4-2. Oocyte developmental stages occurred in the ovary of Metapenaeopsis 
barbata collected in Tosa Bay from Apnl to November in 1 995 
S tage 
1995 










































Table 4･3. Oocyte developmental stages occurredintheovary ofMetapenaeopsis sinica collected in Tosa Bay 
from April 1996 to March 1997 
1 996 
Stage 
Apr. May June July Aug. S ep . Oct. Nov. Dec. 
1 997 
























































Table 4-4. Oocyte developmental stages occurred in the ovary of Metapenaeopsis aegyptia collected in Tosa Bay from 
Apnl 1995 to March 1996 
1995 
Stage 
Apr. May June July Aug. Sep. Oct. Nov. Dec. 
1996 
















































1 OO n=6 n =7 n=8 n=6 n =4 n= 1 









<2 <4 <6 
I Stage VI-VII 
~ Stage V 
C:1 Stage 1-IV 
<8 < 10 < 12 
GSI 
Fig. 4-4. Relationship between the GSI class and percentage occurrence of oocytes in Stage V (yolk granule stage 
and early phase of pre-maturation stage) and Stage VI-VII (1ate phase of the pre-maturation stage after germinal 
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n＝11 n＝7 n＝6 n＝3 n＝1















I Stage VI 
~ Stage V 
C] Stage 1-IV 
<6 
GSI 
<8 < 10 
Fig. 4-7. Relationship between the GSI and percentage occurrence of oocytes in Stage V (yolk granule stage 
and early phase of pre-maturation stage) and Stage VI (late phase of the pre-maturation stage after germinal 








































































































































































































































































































































Table 5- 1. Results of Kolmogorov-Smimov test between the carapace length 
compositions of female and male of Metapenaeopsis dalei in Tosa Bay from April 1995 
to March 1996 
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D , maximum absolute value of differences between relative cumulative 
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Fig. 5-3. Stage VI oocyte in the ovary of a female speclmen (CL 12.9mm. GSI 3.34) of 
Metapenaeopsis barbata, which was collected in October 1 995 and estimated to be born 
in 1995; fc, follicle cell; gv, germinal vesicle; yg, yolk granule; bar, 100um. 
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Table 5-2. Results of Kolmogorov-Smimov test between the cara~ace length compositions of 1995 year class of 
December 1995 and February 1996 and between those of Februray and March 1996 in Metapenaeopsis barbata in 
Tosa Bay 
Number D 













































Table 5-3. Results of Kolmogorov-Smimov test between the carapace length compositions of 
female and male of Metapenaeopsis barbata in Tosa Bay from April 1 995 to March 1996 
Generation Date Nunrber f emale male D 
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0.204 * 
0.089 
O. 1 16 
O. 145 
D , maximum absolute value of differences between relative cumulative 
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Fig. 5-5. Stage V oocyte with shrinking its germinal vesicle in the ovary 
of a female specimen (CL 8.29mm, GSI 5.46) of Metapenaeopsis sinica, 
which was collected in October 1 996 and estimated to be born in 1 996; fc 
follicle cell; gv, germinal vesicle; yg, yolk granule; bar, 100um. 
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Table 5-4. Results of Kolmogorov-Smimov test between the carapace length 
compositions of 1996 year class of January and February 1997 and between those of 
Februray and March 1997 in Metapenaeopsis sinica in Tosa Bay 
Number D 
Jan.97 Feb.97 Mar.97 Jan. 97 - Feb. 97 Feb. 97 - Mar. 97 
female 200 









































Table 5-5. Results of Kolmogorov-Smirnov test between the carapace length 
compositions of female and male of Metapenaeopsis sinica in TosaBay from 
April 1996 to March 1997 
Generation Date Number f emale male D 
1995 year elass 
A pr. 96 































































D , maximum absolute value of differences between relative cumulative 
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Fig. 5-7. Stage V oocyte with shrinking its germinal vesicle In the ovary of a 
female specimen (CL 8.45mm, GSI 9.22) of Metapenaeopsis aegyptia, which 
was collected in October 1995 and estimated to be born in 1995; fc, follicle cell; 































Table 5･6. Results of Kolmogorov-Smimov test between the carapace length compositions of 
1995 year class of December 1995 and February 1996 and between those of Februray and 
March 1996 in Metapenaeopsis aegyptta in Tosa Bay 
Nunrber D 
Dec.95 Feb.96 Mar.96 Dec.95 -Feb.96 Feb . 96 Mar. 96 











O. 1 16 
D , maximum absolute value of differences between relative cumulative frequencies ; * 
significant in 5(~c level; **, significant in 1(3~o level. 
lO1 
Table 5-7. Results of Kolmogorov-Smimov test between the carapace 
length compositions of female and male of Metapenaeopsis aegyptia 
in Tosa Bay from April 1995 to March 1996 
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O . 092 
O. 125 
0.245 ** 
D , maximum absolute value of differences between relative 
cumulative frequencies; *, significant in 5% Ievel; **, significant 
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Fig. 6-1. Trend of fishing effort (annual total number of boat day) of beam trawlers (Mimase Fisheries Cooperative 
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Fig. 6･2. Trends of annual catch (ton) and daily catch per boat (kg) of "Ko-ebi " shrimps by beam trawlers (Mimase 
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Fig. 6-3. Seasonal changes of CPUE for "Koebitl shrimps in Tosa Bay from 1970 to 2000. 








ZOOe .14~¥. ~~-_. ~1 


























































































































































































































































































































































































































Carapace length (mm) 
Fig. 6-4. Seasonal change of carapace length in Metapenaesopsis barbata 
market in 1 997. 
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Fig. 6-5. Stock abundance at the beginning of May and exploitation rates of "Koebi " shrimps in Tosa Bay from 1970 to 2000 
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Fig. 6-6. Stock abundance at the beginning of May and exploitation rates of "Koebi " shrirnps in Tosa Bay from 1 970 to 
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Fig. 6-7. Relationship between parent biomass and progeny abundance of "Koebi " shrimps in Tosa Bay, where 
natural mortality was set as 0.208. Parent biomass represents sum of monthly baiomass from May to September; 
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Fig. 6-8. Relationship between parent biomass and progeny abundance of "Koebi " shrimps in Tosa Bay, where 
natural mortality was set as 0.270. Parent biomass represents sum of monthly baiomass from May to September; 
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Table 6-4. Yeild per recruitment (YPR) of "Koebi" shrimps in Tosa Bay from 
the fishing starting month to September in the case that fishing starts on June, 
which is compared with the current case that fishing starts on Aprll 



























































O . 097 
O. 1 36 
0.151 
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